Objective: To review the oncologic outcomes in patients with advanced (stage III-IV) squamous cell carcinoma of the paranasal sinuses treated with induction chemotherapy prior to definitive local therapy.
uracil was used in the remaining 9 patients. More than two-thirds (67%) of the patients achieved at least a partial response to induction chemotherapy, 24% had progressive disease, and 9% had stable disease. Subsequent treatment after induction chemotherapy consisted of surgery, usually followed by radiation or chemoradiation or by definitive radiation or chemoradiation with surgical salvage of any residual disease. Overall, surgical resection was performed in only 24 of 46 patients (52%) treated with induction chemotherapy. The 2-year survival for patients with at least a partial response or stable disease after induction chemotherapy was 77% in contrast to only 36% for patients with progressive disease.
Conclusions: Tumor response to induction chemotherapy in patients with advanced squamous cell carcinoma of the paranasal sinuses may be predictive of treatment outcome and prognosis. Favorable response to induction chemotherapy is associated with better survival and a reasonable chance of organ preservation.
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T REATMENT OF CANCERS OF the paranasal sinuses (PNS) is challenging because of the relative infrequency of those cancers, heterogeneous histologic characteristics and biologic behavior, advanced stage at presentation, and proximity to vital structures such as the orbit, skull base, and brain.
Currently, standard therapy for patients with advanced cancer of the PNS includes surgery and adjuvant radiotherapy. Radical surgical excisions such as craniofacial resection, total maxillectomy, or orbital exenteration result in significant morbidity. 1 Despite radical surgery and postoperative high-dose radiation, less than half the patients survive for more than 5 years. A systematic review of 154 articles published from 1960 to 1998 regarding the treatment results of 16 396 patients with carcinoma of the PNS and minimal follow-up of longer than 2 years showed an overall survival rate of 41% and 2-year local disease control rate of 60%. 2 These results have not changed significantly in the last 2 decades (Table) . [3] [4] [5] [6] [7] [8] [9] [10] [11] Local recurrence at the primary site and distant metastasis are the most common patterns of treatment failure. There is a need for more effective, less morbid treatment of patients with advanced cancer of the PNS. Strategies to improve treatment outcome should therefore focus on improving local disease control and reducing distant metastasis. The incorporation of neoadjuvant chemotherapy in the multimodality treatment of advanced cancers of the PNS has shown some promise in this regard. [12] [13] [14] [15] [16] [17] The purpose of this study was to review the outcomes of treatment for patients with advanced (stage III-IV) squamous cell carcinoma (SCC) of the PNS treated in The University of Texas MD Anderson Cancer Center with induction chemotherapy prior to definitive local therapy.
METHODS
Forty-six consecutive patients with previously untreated, biopsyproved advanced (T3-T4) SCC of the PNS who received induction chemotherapy during the course of their treatment at The University of Texas MD Anderson Cancer Center were included in this study. Medical records were reviewed for patient demographics, tumor types and stages, treatment details, and oncologic outcomes. The study was approved by the institutional review board. Main outcome measures included response to induction chemotherapy, survival, and disease recurrence. Descriptive statistics for scaled values and frequencies of study patients within the categories for each of the outcomes of interest were enumerated with use of commercial statistical software Statistica (StatSoft, Inc, Tulsa, Oklahoma) and SPSS (SPSS for Windows, SPSS Inc, Chicago, Illinois). Correlations between outcomes and end points were assessed by the Pearson 2 test or, when there were fewer than 10 patients in any cell of a 2ϫ2 grid, by the 2-tailed Fisher exact test. Curves describing overall and disease-specific survival were generated by the Kaplan-Meier product limit method. The statistical significance of differences between the actuarial curves was analyzed via the log-rank test. Follow-up time was considered the time from first appointment at The University of Texas MD Anderson Cancer Center for the primary tumor of concern until the date of last contact or death for survival measurements and from the end of treatment for the original disease to first recurrence for measurements of disease-free intervals.
RESULTS
Of the 46 patients (median age, 59 years), the tumor epicenter was in the maxillary sinus in 31 (67%), the ethmoid sinus in 9 (20%), the nasal cavity in 4 (9%), and the sphenoid sinus in 2 (4%). All patients had T3 (9 patients) or T4 tumors (37 patients; 25 with T4a and 12 with T4b), and 12 patients (26%) had clinical evidence of nodal metastasis with an overall stage of III (9 patients [20%]) or IV (37 patients [80%]). Induction chemotherapy regimens consisted of a combination of a taxane and platinum in 80% of patients, by themselves (14 patients) or in combination with a third agent, such as ifosfamide (14 patients) or 5-fluorouracil (9 patients). The combination of a taxane and 5-fluorouracil was used in the remaining 9 patients. Of the 46 patients, 31 achieved at least a partial response (67%) to induction chemotherapy, 4 patients had stable disease (9%), and 11 had progressive disease (24%). Subsequent treatment after induction chemotherapy consisted of surgery (22 patients), usually followed by postoperative radiation (n=15) or chemoradiation (n = 5) or with definitive radiation (n=14) or chemoradiation (n=8) with planned surgical resection for any residual disease (n=2). Two patients with initially unresectable (T4b) disease that showed progression after induction chemotherapy refused further therapy. Overall, surgical resection was performed in 24 of 46 patients (52%) treated with induction chemotherapy. Mean follow-up for all patients was 36 months.
Disease recurrence occurred in 7 of 46 patients (15%). The first site of recurrence was local in 4 patients, local and distant in 1 patient, regional in 1 patient, and distant in 1 patient. The 2-year overall survival for all patients treated with induction chemotherapy as part of their multimodality treatment plan was 67%. The 2-year survival for patients with at least a partial response or stable disease after induction chemotherapy was 77% in contrast to only 36% for patients with progressive disease (P =.05). Similarly, disease-specific survival was significantly different (P=.008) in patients who had response to or stable disease with induction chemotherapy compared with those who had progressive disease (Figure) .
COMMENT
Few studies [12] [13] [14] [15] [16] [17] have investigated the role of neoadjuvant chemotherapy in the management of advanced cancer of the PNS. One of the earliest reports included an analysis of 16 patients with previously untreated advanced cancer of the PNS who received chemotherapy as part of their initial therapy. 12 Six of these patients had metastatic disease at the start of treatment (4 to the central nervous system and 2 to the lung). Most patients (78%) had SCC. All patients underwent surgery and/or radiotherapy after induction chemotherapy. The overall response rate to chemotherapy was 82% (complete response, 44%; partial response, 38%). The median sur- vival, based on response to chemotherapy, was as follows: complete response, 21 months (range, 10-81 months), partial response, 14 months (range, 2-21 months), and no response, 3 months (range, 1-7 months). Similar to the findings in the study reported here, the results of their study suggest that patients with cancer of the PNS are responsive to induction chemotherapy and that tumor response to neoadjuvant chemotherapy may be predictive of survival (Figure) . Interestingly, the observed improved survival in patients who responded to induction chemotherapy in our study seems to be independent of their subsequent definitive local therapy. With a mean follow-up of 36 months, 24 of 35 (69%) of these patients were alive, and this survival rate and locoregional disease control were not significantly different whether they had surgery (n = 17) or definitive radiation or chemoradiation with curative intent. In contrast, only 1 of the 11 patients with progressive disease after induction chemotherapy was alive at last contact, regardless of subsequent local therapy.
In 1989, a preliminary report from The University of Texas MD Anderson Cancer Center demonstrated that repeated superselective intra-arterial chemotherapy was feasible in patients with advanced cancer of the PNS and that radical craniofacial surgery was avoided in approximately one-third of the patients because of complete or near-complete response to chemotherapy. 13 A more recent study from The University of Texas MD Anderson Cancer Center reported the efficacy, organ-preservation rate, and safety of intra-arterial cisplatin in combination with intravenous paclitaxel and ifosfamide in patients with locally advanced carcinoma of the PNS who required orbital exenteration or major craniofacial resection for complete tumor resection. 17 Evaluable patients who received at least 1 course of intra-arterial cisplatin (n = 19) had an overall response rate of 58% (complete response, 26%; partial response, 32%). Locoregional treatment after induction chemotherapy included radiation, surgery, surgery plus postoperative radiation, and concurrent chemoradiation. At the completion of treatment, 14 of 23 patients (61%) with locally advanced disease were disease free, and the orbit was preserved in 21 of 24 patients (88%). The overall survival, progression-free survival, and disease-free survival at 2 years were 60%, 50%, and 84%, respectively. Toxicity was substantial, with 2 patients experiencing cerebrovascular ischemia (1 transient and 1 cerebrovascular accident) and 3 patients experiencing cranial neuropathy, which was reversible in 2 of these patients. These results suggest that despite the encouraging organ-preservation rate, the intra-arterial route of administration of chemotherapy resulted in substantial toxicity, especially of the neurologic type. Similar efficacy of induction chemotherapy was reported with the more standard intravenous route of administration in patients with advanced cancer of the PNS. [14] [15] [16] Another approach, popularized by Samant and colleagues, 18 consists of 3 to 4 weekly infusions of intraarterial cisplatin (150 mg/m 2 per week) and systemic sodium thiosulfate neutralization with concurrent preoperative radiotherapy (2.0 Gy/fraction per day) limited to a total dose of 50 Gy in 5 weeks to minimize complications, followed by planned surgery performed approximately 8 weeks after completion of radiotherapy. After a median follow-up of 53 months in 19 patients treated with this regimen, rates of actuarial overall survival at 2 and 5 years were 68% and 53%, respectively. The investigators concluded that despite the advanced stage and unfavorable nature of cancer in their cohort, the results indicate that this regimen holds promise and merits further study. In 2009, Homma et al 19 reported on the use of intra-arterial cisplatin with concurrent radiation for the definitive treatment of sinonasal cancer without any dose reduction of radiotherapy (65-70 Gy), with surgery reserved for salvage of persistent disease. In their study of 47 patients with a median follow-up of 4.6 years, the estimated 5-year local progressionfree and overall survival were 78.4% and 69.3%, respectively. There were no treatment-related deaths. Osteonecrosis occurred in 7 patients and brain necrosis occurred in 2 patients. Sixteen patients developed ocular and visual problems as late adverse affects.
Excellent long-term local control, overall survival, and disease-free survival were reported in 19 patients with locoregionally advanced (stage III and IV) cancer of the PNS who received treatment at The University of Chicago with a multimodality therapy incorporating induction chemotherapy followed by surgery and postoperative concurrent chemoradiotherapy. 16 Induction chemotherapy achieved a clinical response in 87% of the patients, and a complete histologic response was documented at the time of surgery in half these patients. The overall survival at 5 and 10 years was 73% and 54%, respectively, and the disease-free survival at 5 and 10 years were each 67%. Local control at 5 and 10 years was 76% each. Regional and distant failures were unusual, with a 10-year regional control rate of 93% and a distant control rate of 96%.
The results of these studies are encouraging, and the techniques described herein may be superior to those achieved with surgery and radiotherapy. In the study reported here, the relatively high survival rates of the entire patient cohort, particularly of those who showed response to induction chemotherapy, are promising given that most patients (80%) had stage IV disease. In a study of 109 patients with cancer of the PNS treated with sur- gery and/or radiation reported in 2009 by Mendenhall and colleagues, 20 the 5-year overall survival rates were 71% for stages I to III disease but only 45% for stage IV disease.
Also of note in the study reported herein is the relatively high number (37 of 46) of T4 tumors, with high prevalence of orbital (n = 31) and skull base (n=14) invasion. Despite this locally aggressive disease, orbital preservation was feasible in all but 6 patients, local recurrence rate was low, and local disease control was high.
This study has some limitations. Owing to the retrospective design, the specific factors that prompted the use of induction chemotherapy in these patients are not known. Induction chemotherapy may have been considered in patients who were not good surgical candidates because they had unresectable tumors, were not fit for surgery, or had refused radical surgery. Other possible factors include recommendation of neoadjuvant chemotherapy by the treating physician for advanced disease to enhance the chances of orbital preservation or to reduce the risk of distant metastasis. Similarly, the exact factors that guided the decision to treat patients with surgery or radiation after induction chemotherapy are not known. It is likely that patients who were deemed to be good surgical candidates by the treating physician underwent surgery and those who were not underwent chemoradiation.
Despite these limitations, the results of this study suggest that incorporation of neoadjuvant chemotherapy into the multimodal treatment of patients with advanced SCC of the PNS is promising and may improve treatment outcomes. A relatively high number of patients with advanced SCC of the PNS show response to neoadjuvant chemotherapy, and tumor response may be predictive of treatment outcome and prognosis. Favorable response to induction chemotherapy may be associated with better survival and a reasonable chance of organ preservation. Further study of the role of neoadjuvant chemotherapy in patients with SCC of the PNS is warranted. 
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